Phenotype microarray analysis of the drug efflux systems in Salmonella enterica serovar Typhimurium.
A large number of drug efflux transporters have been identified in Salmonella enterica serovar Typhimurium, and increased expression of these transporters confers drug resistance in this organism. Here we compared the respiration activities of the wild-type strain and a mutant with nine deleted transporters by phenotype microarray analysis. The mutant was susceptible to 66 structurally unrelated compounds including many antibiotics, dyes, detergents, antihistamine agents, plant alkaloids, antidepressants, antipsychotic drugs, and antiprotozoal drugs. To investigate the effect of each transporter on the susceptibilities to these drugs, we used the single transporter mutants, several multiple deletion mutants, and the transporter overexpressor strains to determine minimum inhibitory concentrations of ampicillin, erythromycin, minocycline, ciprofloxacin, orphenadrine, amitriptyline, thioridazine, and chlorpromazine. The data indicate that the increased susceptibilities of the mutant lacking nine transporter genes are mainly dependent on the absence of the acrAB efflux genes as well as the tolC gene. In addition to the AcrAB-TolC efflux system, the results from the overexpressor strains show that AcrEF confers resistance to these compounds as well as AcrAB of Escherichia coli, MexAB-OprM and MexXY-OprM of Pseudomonas aeruginosa. The results highlight the importance of the efflux systems not only for resistance to antibiotics but also for resistance to antihistamine agents, plant alkaloids, antidepressants, antipsychotic drugs, and antiprotozoal drugs.